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Reducing environmental and health impacts of using fossil fuel are the main concerns in 
the majority of countries which resulted in shifting from the use of fossil fuels (e.g., coal, 
oil, natural gas) to renewable energy (e.g., solar, wind, water) for electricity generation. 
The use of renewable energy sources is becoming more popular in the majority of Middle 
Eastern countries, particularly in Oman. In Oman, the use of renewable energy to produce 
electricity is rapidly growing considering that renewable energy will reduce the use of 
fossil fuel as the major source of energy. Hydropower is an important renewable energy 
resource globally. However, the feasibly of a hydropower plant in Oman has not been 
investigated. Therefore, the purpose of this project was to determine the feasibility of 
hydropower which can be installed in the Wadi Dayqah dam in Oman. The objectives are 
to explore the potential power to be harvested by hydropower, to assess financial saving 
and cost analysis and to investigate the environmental impact of hydropower in Oman.  
The RETScreen expert was used to assess the feasibility of a hydropower system and to 
recommend the possibility of installing the system in the Wadi Dayqah Dam in Oman. 
The RETScreen expert is a Clean Energy Management Software developed by the 
Government of Canada which is a free-of-charge decision support software for pre-
feasibility or feasibility analysis and also ongoing energy efficiency performance 
analysis. 
In this project, two cases have been analysed. For the case one (the design flow was 0.3 
m3/s, and installed capacity was 110 kW), the RETScreen analysis showed estimated cost 
338,000 AUD, annual savings and revenue 57,165 AUD and Gross Annual GHG 
reduction 605.3 tCO2/year. For the case two (the design flow was 13 m
3/s, and installed 
capacity was 5 MW), the RETScreen analysis demonstrated the estimated cost 6,204,000 
AUD, annual savings and revenue 1,802,747 AUD and Gross Annual GHG reduction 
19,090.1 tCO2/year. 
Overall, this project indicated that the use of the hydropower system in the Wadi Dayqah 
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One of the main issues that the world is currently facing is pollution especially pollution 
caused by burning fossil fuels. Fossil fuels are the largest carbon dioxide (CO2) emission 
sources which increase the concentration of greenhouse gases in the atmosphere. The 
greenhouse gases lead to an increased the Earth temperature which would cause the global 
warming, and consequently result in both environmental (e.g., acid rain) and human 
health (e.g., polluted air-related diseases such as cancer and cardiovascular diseases) 
issues [6]. Acid rain is very harmful to the environment and can lead to serious damages 
to wildlife, forests and water [6]. World Health Organization (WHO) estimates that 
around 7 million people die every year because of polluted air which is considered as a 
(silent killer). Recently, the majority of countries focus on transforming the use of fossil 
fuels (e.g., coal, oil, natural gas) to renewable energy (e.g., solar, wind, water) for 
electricity production [7]. Renewable energy sources which are considered as clean and 
environmentally friendly sources of energy which the energy is obtained from 
inexhaustible natural sources such as water, sun, and wind. Renewable energy sources do 
not produce environmental pollution residues such as fossil fuels that produce harmful 
gases such as carbon dioxide, or nuclear energy that emits toxic radiation, does not 
adversely affect the surrounding environment, nor does it play an influential role in the 
temperature level. In 2017, the percentage of renewable energy sources was 25.5% of the 
global total energy production, 16.4% of the renewable energy was from hydropower as 
the highest renewable resource for electricity generation more than other renewable 
resources [8].  
The use of renewable energy sources is gaining popularity for the majority of Middle 
Eastern countries including Oman. In Oman, the use of renewable energy to produce 
electricity is growing fast considering that renewable energy will reduce the use of fossil 
fuel as the main source of energy [9]. Oman is the third place regarding the area in the 
Arabian Peninsula which has an area of about 309,500 square kilometres. The Wadi 
Dayqah is a permanent Wadi (valley) running in Oman [10]. Unlike most valleys in 
Oman, which are dry for most of the year, the water continually flows through Wadi 
Dayqah. In 2003, the feasibility study of Wadi Dayqah Dam confirmed that the location 
is characterized by a high capacity for water storage (100 million cubic meters of water) 
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which could provide an opportunity to install a hydropower plant at Wadi Dayqah dam 
[10]. However, the feasibly of a hydropower plant in the Wadi Dayqah dam in Oman has 
not been investigated.  
Aim and objectives of this thesis  
The aim of this project to examine the feasibility of hydropower (using the RETScreen 
expert software) which can be installed in the Wadi Dayqah dam in Oman. The objectives 
of this thesis are as follows: 
i. To explore the potential power to be harvested by hydropower.  
ii. To assess financial saving and cost analysis.  
iii. To investigate the environmental impact of hydropower in Oman. 
Overview of this thesis 
This thesis consists of six chapters which are as follows: 
Chapter 1: Literature review:   
– Background about fossil fuel & global warming and greenhouse gas.  
– Background of Renewable sources.  
– Background of hydropower Oman strategic location 
Chapter 2: The methodology  
Chapter 3: The result of case one (110 kW and flow rate 0.3 m3 /s)  
Chapter 4: The result of case two (5 kW and flow rate 13 m3/s) 
Chapter 5: Discussion   










Chapter 1           Literature Review 
Fossil fuel & Global warning and greenhouse  
Over millions of years, plants and animals (the dead organisms) were buried deep 
underground and seas with high temperature and pressure. As a result of this natural 
process which is known as an anaerobic decomposition, the buried dead organisms were 
transformed into carbon and hydrogen compounds (i.e., oil, coal and natural gas) [11]. 
Fossil fuels have been the primary sources of energy in the world which are known as 
non-renewable resources. However, fossil fuels are being formed through natural 
processes (i.e., the formation of fossil fuels) which take millions of years, once this 
primary source of energy is being used up, would not be replenished [11].  
Fossil fuels are the largest carbon dioxide (CO2) emission sources. The annual CO2 
emission is about 21.3 gigatonnes from burning the fossil fuels however only half of the 
emitted CO2 is absorbed by the natural processes (e.g., tissues of growing plants, seas or 
oceans) [12]. Consequently, about 10.65 billion tons net atmospheric increase of CO2 will 
occur annually. The CO2 emission increases the concentration of greenhouse gases in the 
atmosphere which can result in more infrared radiation which is reflected the earth by the 
atmosphere. This leads to an increased Earth temperature which consequently would 
cause global warming [13]. Scientists agree that global warming due to CO2 emission and 
raises serious environmental and health issues. Therefore, the world is being pushed to 
look for alternative energy sources that are environmentally being friendly [13]. 
Figure 1 shows oil (petroleum) is the largest source of energy consumption about 33%, 
then 28% coal, 24% natural gas, 7% hydroelectric, 4% nuclear, and 3.6% other sources 
of energy (i.e., bio, wind, solar). The total share of consumption energy of fossil fuel 











Figure 2 Global energy-related carbon dioxide emissions by fuel [3] 
 
Figure 2 shows coal-related CO2 emissions increased from 1990 to 2010 and 
progressively decreased in 2017 and continued to be plateau by 2050. Oil (petroleum)-
related CO2 emissions grew from 1990 to 2007 and declined in 2015. There is an increase 
in oil (petroleum)-related CO2 emissions in 2017 and then gradually will decrease by 
2050. Natural gas CO2 emissions dramatically increased from 1990 to 2017 and will 





Renewable and different types of renewable sources 
Renewable energy is often known as sustainable energy, or alternative energy refers to 
the type of energy that is generated by the natural/renewable sources such as sunlight, 
wind, water, etc. These renewable sources are generally the most sustainable, 
environmentally safe, clean forms of energy sources which are naturally and rapidly 
replenished in a short period (human's lifetime) [16]. Five types of renewable energy 
sources are as follows;  
Wind power which is considered as the cheapest source of large-scale renewable energy 
involves generating electricity from the natural power of wind by using wind turbines 
[17]. 
Solar power is produced from the solar radiation or heat from the sun which can be 
converted into electricity and used for heating air and water [8]. 
Hydro (water) energy is known as hydropower or hydroelectric energy that comes from 
the normal flow of water. One of the common hydropower plants utilizes a dam on a river 
to store water.  The hydropower is generated when the water flows through a turbine and 
the pressure of the water on the blades of the turbine drives an electrical generator, 
converting the motion into electrical energy [18]. 
Bioenergy is renewable energy available from resources derived from biogenic sources 
to generate electricity or used to produce liquid transportation fuels. Biomass (organic 
matter) could store sunlight in the form of chemical energy. This type of fuel can include 
algae, wood, straw, manure, sugar cane, and other products from various agricultural 
operations [8]. 
Geothermal energy is stored and produced in the earth as thermal energy. Thermal energy 







Renewable energy in World  
The world's trend towards renewable energy has become a necessity for most countries, 
because of the constant depletion of non-renewable sources of energy over time. 
Hydropower is the largest type among the rest of the renewable energies that produce 
electricity [19].  Hence most of the world turns to it for electricity production, so the use 
of hydropower and expansion in its areas has become rampant in recent times. Water 
energy has been used in many things before it was used to produce electricity [19]. It has 
also been identified how hydropower plants operate, and then to know the benefits to 
humans from the production of this type of energy, despite these tempting benefits, there 
are many adverse effects, particularly on wildlife and animal as well as plants. So, the 
study of these benefits and damages to things that are necessary before starting the 




Figure 3 World net electricity generation by energy source [20] 
Figure 3, shows the worldwide net electricity generation projection by energy source 
from 2015 to 2040. In 2040 is expected to generate about 10.7 trillion kilowatt hours of 
electricity from renewable sources.   
Renewable energy in Oman  
The use of renewable natural energy in the production of electricity in Oman is recently 
trending because using those energies will reduce the use of oil as the only energy source 
as oil is not sustainable [9]. Furthermore, it will provide other clean sources of energies, 
and also the use of clean energy will reduce the dependency of the county on oil and 
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improve the economy [9].  
According to Oman's strategic location, the success rate of alternative energy use is very 
high because the level of solar power and wind power in the Sultanate is among the 
highest in the world [9]. It is expected that renewable energy in the Sultanate will be able 
to provide all the local needs of electricity in addition to the export of surplus [9]. Oman 
has one of the main dams in the Gulf countries that can be used as a source of clean energy 
[9]. Therefore hydropower can be an appropriate renewable energy source in Oman. 
 
Background of Hydropower 
It has been harnessing the mechanical power of water for production for thousands of 
years. Initially, energy harnessed from water was used to irrigate, grind wheat, saw wood 
and manufacture textiles and others [21]. Over 2000 years ago, European and Asian 
countries implemented a waterwheel for grinding grains. Water wheels were used to 
convert water energy into useful forms of power [22].  
During the industrial revolution, tens of thousands of used water wheels achieved nearly 
70% efficiency, by improving the technology of water wheels to a fine art. In the 19th 
century, engineering skills improvement were added, in addition to the need to develop 
smaller and faster electricity generation devices [22, 23]. 
Probably, the first design of hydro-turbine was held in the 1820s in France by engineer 
Benoit Fourneyron who called it hydraulic motor. By the end of the 19th century, 
numerous mills had replaced their water wheels by turbines, and governments began to 
focus on how to use hydropower to supply them with electricity on a large scale. The 
beginning of the 20th century was the golden era of hydropower before the control of oil 
the dominant energy provision [22, 24]. 
In 2017, the percentage of renewable energy sources is 26.5% of the global total energy 
production as shown in Figure 4, 16.4% of the renewable energy came from hydropower 
as the highest renewable resource for electricity generation more than other renewable 
resources combined as following wind power (5.6%), Bio-power (2.2%), solar PV (1.9%) 






Figure 4 Estimated renewable energy share of global production, End-2017 [25] 
 
Hydropower Classification 
Classification according to hydropower schemes  
 
Hydropower plants (HPPs) are categorised into three types based on the operation and 
flow type. Run-of-river, storage and pumped storage HPPs which vary from the very 
small to the very large scale, depending on the hydrology and topography of the watershed 
[26]. Table 3 shows the advantages and disadvantages of hydropower plant [25, 26]. 
Figure 5 shows the main three types of hydropower schemes [26]. 
 
The main three types of hydropower schemes:  
 
- Run of river scheme is a type of hydropower plant that has no storage at all or 
there is only small storage which known as pondage. Plants without pondages 
have no storage, so they depend on seasonal flows of rivers (use the natural flow 
of a river) however the plants with poundages can adjust the flow of water to some 
extent. Hydropower plants in Malawi and Nepal are mostly run of river. The plants 
of a run of the river change the river flow system less than the storage schemes. 
Generally, the effects of the river flow system and storage schemes on the 
environment, are less than hydropower schemes using large reservoirs. Basically, 
the run-of-river plants are suitable for rivers or streams with sufficient minimum 
flow, or they are proper for water flow that is adjusted and controlled by a dam or 
reservoir upstream. In fact, run-of-river hydro plants provide the baseload power 




- Storage scheme is (an impoundment facility) typically a large system that, 
impound river water in a reservoir by using a dam. The reservoir water is released 
to a turbine through inlet valves penstock, spinning it, which in turn activates the 
generator. Therefore, the generator produces electricity. Storage schemes can 
supplement the base-load besides capability to shut down and started up in a short 
time depends on system demand (peak-load). Thus, providing sufficient storage 
capacity to function for several weeks or months, separate from the hydrological 
flow [26-28]. 
 
- Pumped storage scheme is one of the energy storage systems which is used to 
store energy to generate power during peak load periods. In other words, pumped 
storage hydropower pumps water from a lower to a higher reservoir during off-
peak or low demand and consequently release the water during peak load periods. 
This type of hydropower plant is gaining popularity in the world because 99% of 
the world’s operational electricity storage [26-28].  
 
 




Classification according to capacity 
The installed capacity is the most common classification used in Hydropower Plants are 
used. However, the opinions vary worldwide on definitions of size classifications, due to 
the development policies are vary from country to another. Generally, the following 
classifications are the most accepted criteria wide range (Table 1) [21, 29]. 
Table 1 Classification according to capacity 
Pico      < 5 kW 
Micro         5-100 kW 
Mini        100 kW- 1 MW 
Small          1-25 MW 
Medium      25-100 MW 
large           > 100 MW 
 
Classification according to head size 
The head and the discharge (flow rate) are the main parameters to determine the type of 
turbine used in a hydroelectric plant. There are three types of heads low head, medium 
head, and high head. Generally, for the low head, Kaplan turbine is used, whereas for the 
medium head, Francis turbine is used and Pelton turbines are applied for high heads as 
showing below (Table 2) [21, 29] 
 
 Table 2 Classification according to head size 
Low head H < 30 m 
Medium head 30 m < H < 100 m 

















The operation and maintenance are low cost High upfront investment  
it is long-term and powerful technology can 
lifespan 50–100 years and more 
Precipitation 
A reliable service The need for long-lasting planning 
Includes proven technology  
The need for long-lasting agreements 
 
Promotes and stimulates regional development The need for multidisciplinary participation 
Technology provides energy at a high-efficiency 
rate 
Often requires foreign contractors and funding 
Generates income to conserve other waters - 
Creates new jobs and saves fuel - 
Social aspects  
Improve the standard of living conditions 
May lead to resettlement  
 
Available water is left for other purposes or uses May limit navigation 
Frequently,  provide  protection  from flood  due 
to heavy rains 
The destruction of a large area reduces public 
access to certain areas. This may affects outdoor 
recreational activities 
The navigation conditions can boost 
May Requires examination of water borne disease 
vectors 
Often boosts entertainment The use of local land will be modulated 
Enhances access to the territory and its resources There is a need to manage competing water uses 
Maintains livelihoods (freshwater, food supplies) - 
Environmental aspects 
Do not cause any air pollutants, and there are only 
very few Greenhouse gases (GHG) emissions 
Inundation of terrestrial habitats 
 
Promoted air quality Modification of hydrological systems 






Table 4 A comparison between Wadi Dayqah (Oman), Daguangba (China) and Gibe III 
(Ethiopia) (data is extracted from [32]) 
 
  
Non-renewable sources of fuel avoid depletion Requires water quality management 
With increased production frequently creates new 
freshwater ecosystems 
May require to monitor the populations and species 
activities 
Promotes knowledge and improves species 
management value due to the results of the study 
Barriers for fish migration, fish entrainment 
Help slow climate change 
Maybe need to install and arrange sediment and 
transportation 
Do not consume or pollute the water used for 
electricity generation 
Areas of dams where biologically diverse plants are 






Gibe III/  
Ethiopia  
Type Gravity Gravity Gravity 
Purpose(s) 
Hydropower / 
Irrigation / Water 
Supply 
Water Supply Hydropower 
Reservoir capacity 
(𝐦𝟑𝐱 𝟏𝟎𝟔) 
1710 100 14690 
Height (m) 57 75 246 
Length (m) 827 410 630 
Volume of RCC 
(𝐦𝟑𝐱 𝟏𝟎𝟑) 
485 590 6200 
Total volume (𝐦𝟑𝐱 𝟏𝟎𝟑) 857 650 6400 
Depth of layers (mm) 300 300 400 
Depth of lifts (mm) 300 1200 400 
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Oman strategic location 
The Sultanate of Oman is located in the far south-east of the Arabian Peninsula (Western 
Asia) between latitudes 40 and 26 20 North and Longitudes 51 50 and 59 16 40 East. Its 
coastline extends about 3,165 kilometres from the Strait of Hormuz in the north to the 
borders bordering the Republic of Yemen. The coast is formed by three seas: the Sea of 
Oman, the Arabian Gulf and the Arabian Sea. The Sultanate of Oman shares land borders 
with three countries to Western North by the United Arab Emirates, the Kingdom of Saudi 
Arabia to the west and from the South and West the Republic of Yemen, and shared by 
its maritime borders with Pakistan and Iran [3]. 
 
The Sultanate of Oman is the third place regarding the area in the Arabian Peninsula. It 
has an area of about 309,500 square kilometres. Wadi is an Arabic word for valley, 
riverbed or ravine that is usually dry except in the rainy season. Wadi Dayqah is a 
permanent wadi running in Oman. Unlike most valleys in Oman, which are dry for most 
of the year, the water continually flows through Wadi Dayqah. Wadi Dayqah is located 
in the Wilayat of Quriyat near Muscat in the Al Hajar Ash Sharqi Mountains (Figure 6). 
It extends from the village of Tul and passes through several Gorges before discharging 
into the sea at Dagmar. Wadi Dayqah experiences frequent flash floods during the rainy 
season (mid-June to late-August). This water flows down the Wadi to the sea before 
which can be properly exploited by the people. Furthermore, property and infrastructure 
are often heavily damaged [3].  
Studies have been conducted since 1978 to investigate the possibility of productively 
using this water from the flash floods. It has been deemed the best option to take 
advantage of the water lost from the valley was to construct a water storage dam, and six 
potential dam sites were studied. In 1993, eventually, the study concluded that the best 
location for dam construction was Mazaraa village [3].  
In 2003, the feasibility study of Wadi Dayqah Dam confirmed that the location is 
characterized by a high capacity for water storage. The construction of a dam on the valley 
78.8 meters from the bottom of the wadi can hold about (100) million cubic meters of 
water. The abovementioned information was prepared technical specifications of the 
preliminary project Wadi Dayqah Dam and water supply to Muscat and Quriyat. Wilayat 
(province) Qaryat is located southeast of Muscat about 83 km and is one of six Wilayat 
of Muscat Governorate. It stretches on a coastal strip of the Gulf of Oman in its eastern 
14 
 

























Climate and rainfall of Quriyat villages are varied according to the geographical nature. 
In the summer months, the heat and humidity are high in the coastal villages, especially 
in May, June and July, whereas the rain is relatively lower in the mountain villages. Al 
Jabal Al Aswad (The Black Mountain) is characterized by moderate summer 
temperatures and extreme coldness in the winter because of its high altitude. The climate 
is moderate in the plains and oases during the evening during the summer [3]. 
Rainfall in the Wilayat of Qaryat is irregular as it is in the most coastal Wilayats in Oman 
and often occurs in the winter season. Despite the shortage of rains, devastating floods 
have occurred in some wet years and leading to the flow of the main wadis of Daqah, 
Misfat and Miglas. The successive dry years cause to reduce flows in wadis, and wells. 
The main objectives of the Wadi Dayqah Dam Project [3]; 
 To benefit from flood water of the wadi that lose in the sea, 
 To provide a strategic water resource for Muscat city and Wilayat Quriyat, 
 To maintain the actual consumption of water used in agriculture in villages and 
logic, 




 To protect the villages located along the narrow wadi, especially as it was exposed 
to floods due to heavy rains. 
 
Wadi Dayqah dam 
Figure 7 shows the Wadi Dayqah Dam. Roller-Compacted Concrete (RCC) was used to  
construct the dam with a curve in the plan. It has a vertical upstream face on the side 
facing the storage lake and a sloping gradient on the other side. The dam also includes an 
intake tower with ten valved inlet pipes at different heights to control water discharge 
from different levels. Table 4 shows a comparison between Wadi Dayqah (Oman), 
Daguangba (China) and Gibe III (Ethiopia) (data is extracted from [27]). The engineering 





Figure 7 Wadi Dayqah main dam [4] 
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Table 5 The engineering features of Wadi Dayqah Dam [3] 
Length of Dam   410.00 m 
Dam height   75.43 m 
Crest width of Dam   5.00 m 
Base width   55.40 m 
Volume of RCC   590,000 m3 
Spillway crest length  201.74 m 
Spillway height  67.50 m 
Number of outlets  11 
Outlet diameters  1.0 m to 1.6 m 
 
Water Supply Components 
Figure 8 shows the water supply components of the project of Wadi Dayqa Dam with a 
modern water treatment system. The supply system provides about 35 million cubic 
metres of water yearly from Wadi Dayqah dam to Quriyat Wilayat and other Wilayats 
of the Muscat Governorate with water for drinking and other users [3]. 
The supply system comprises the following; 
- A booster pumping station which will be constructed near the Hayl Al Ghaf - 
Quriyat road junction to pump the water through a 1,100 mm pipeline over a 
distance of 33.5 km to break head tank at the highest point of the pipeline route 
to Al Amerat. 
- The capacity of pumping stations and the treatment works is 125.000 m3/ day. 
This is equivalent to 40.000 loads for the 650-gallon tankers. 
- Administration buildings and reservoirs. 
- Station for pumping water from the dam (Downstream). 
- An Aerator tank 2.3 km north of the dam site. 
- The water treatment plant in the highest area on the pipeline route from Lake 
Dam to water users Quriyat Wilayat and capable of treating (125,000) m3 /day. 
- Extend about 138 km of pipeline with diameters ranging from 200 to 1200 mm 
 
Rainfall in Wilayat Quriyat 





























Assessment Tools for the Hydropower Projects 
The assessment of hydropower projects lengthen the time and cost required to accomplish 
the projects which have concerned the engineers. Over the past two decades, the engineers 
have developed a variety of computer-based assessment tools designed to assess the 
project's economic viability before spending large amounts of money and precious 
time[33]. 
The range of computer-based assessment tools are between simple to advanced software 
packages. The majority of these computer-based assessment tools aim to predict the 
output of energy in a given hydropower scheme. In addition, some of these tools can 
perfume the financial analysis or cost estimation. 
Table 6 shows among five different assessment methods for the hydropower projects, the 
RETScreen, Hydrohelp and Green KenueTM can be used internationally whereas the 
PEACH and Hydrobot can be used in France and Scotland, respectively. With respect to 
the hydropower project's features, hydrology, power and energy, costing, economic and 
preliminary design features can be assessed and analysed using RETScreen and PEACH.  
PEACH is a software provide by the French consulting firm ISL of Paris, used as a 
preliminary study tool of hydropower projects which covers potential analysis, 
dimensioning of the constructions, economic analysis. To cover this, the user to is 
directed through six steps as following, definition of site data, project creation, project 
design, plant design, economic and financial analysis, and report[34]. 
HyderHalb is a software provide by Natural Resources Canada's CanmetENERGY, used 
as a turbine selection that help promoters and designers to choose the suitable turbine for 
a given location and the conditions of the market. Also, it includes a package of programs 
that enables hydro engineers to develop a preliminary cost estimates for power plant sites 
by providing expert advice at all stages of the cost design process[35]. 
Green Kenue ™ is an advanced software provide by Natural Resources Canada for data 
preparation, analysis and visualization of hydrologic model designers to help them in 
surface hydrological modeling, prediction and simulation of events. The user interface 
combines easy-to-use environmental databases and geospatial data with digital models 
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and simulation data[2]. 
The Government of Canada developed a Clean Energy Management Software which is 
known as the RETScreen which is a free-of-charge decision support software for pre-
feasibility or feasibility analysis and also ongoing energy efficiency performance analysis 
[25]. A summary of previous studies using RETScreen are presented in Table 7.  
The RETScreen expert is a Clean Energy Management Software developed by the 
Government of Canada which is a free-of-charge decision support software for pre-
feasibility or feasibility analysis and also ongoing energy efficiency performance 
analysis. 
In 2007, Korkmaz [36] used RETScreen for small hydropower scheme feasibility 
assessment in the region Turkey and showed that RETScreen capable use small 
hydropower scheme Projects.  In 2010, Mutlu [37] used RETScreen to study the 
feasibility of the hydropower project and assess the feasibility of various alternatives to 
the Niksar Hydroelectric Power Plant project. The result showed that financial parameters 
changed by using RETScreen related to electricity prices. This provides to developers to 
follow up the projects financial performance in the conditions of the different market. 
RETScreen makes it easier to observe the changes effects in project formulation, which 
can be time-consuming. In Spain, Alonso-Tristan et al, 2011 [38] examined the viability 
of small hydropower plan in Spain using RETScreen and demonstrated the capability of 
RETScreen to analyse the project of small hydro. In 2016, Yuce et al, [39] used 
RETScreen in Turkey for small hydropower project pre-feasibility assessment. The result 
showed that RETScreen capable use in Turkey to evaluate pre-feasibility studies of SHPs 
in a relatively short period compared to conventional methods and that help to study 
alternatives efficiently without extensive calculation (Table 7). 
 
For my study, I will be using RETScreen software to assess the feasibility of hydropower 
system and to recommend the possibility of installing the system in Wadi Dayqah Dam 
in the region Oman. Furthermore, to give a scientific insight as this software is capable 
of evaluating the generation of energy, and saving, the accurate calculation of the cost 
within a short time, financial viabilities and emission reductions of this project. In 
addition, the current study will have a significant impact on contribution in the field of 
renewable energy particularly in Oman and can be beneficial for the Gulf region which 




Table 6 Assessment methods for the hydropower projects 
Assessment Tool Features 
Product Developer Applicable 
Countries 
Hydrology Power and Energy Costing Economic Evaluation Preliminary Design  
RETScreen®   Natural Resources 
Canada  





France FDC × × × × 
Hydrohelp  
Gordon J.L and 
OEL- HydroSys, 
Canada  









International FDC     
Hydrobot 
Nick Forrest 




FDC × × ×  







Table 7 A summary of previous studies using RETScreen 




The aim of this study to 
evaluate a feasibility of 
small hydropower project 
RETScreen- is used to perform 
desired computations 
The results show that RETScreen can be 
used in SHP Projects. 
Reyhan Multi, 2010 
[37] 
Turkey 
To study the feasibility of 
the hydropower project 
Using RETScreen to study 
assess the feasibility of Niksar 
Hydropower Plant project. 
Financial parameters changed by using 
RETScreen related to electricity prices 
and makes it easier to observe the 
changes effects in project formulation. 
Alonso-Tristan et 
al., 2011 [38] 
Spain 
The aim to study a small 
hydropower plan from an 
active and economical 
perspective to assess facility 
validity using RETScreen. 
A pre-feasibility study was 
carried out to simulate other 
economic scenarios using 
RETScreen  
The study demonstrates the capability of 
RETScreen to analyze the project of 
small hydro. 
Mehmet Ishak Yuce 




of Small Hydropower 
Projects.  
RETScreen is capable of 
maximizing the power provided 
and reducing the small 
hydropower project initial cost 
over a short period of time by 
changing some variables.  
RETScreen capable of use in Turkey to 
evaluate pre-feasibility studies of SHPs 







Chapter 2       Methodology  
Overview of RETScreen Software  
RETScreen International Clean Energy Project Analysis Software which is a free-of-
charge decision support software for pre-feasibility or feasibility analysis and also 
ongoing energy efficiency performance analysis. 








Table 8 shows that in 1998, the first version of RETScreen was released in Canada. 
Canada's Minister of the Environment launched the RETScreen Version 4 in 2007 in Bali, 
Indonesia[40]. RETScreen Plus and RETScreen Suite (integrating RETScreen 4 and 
RETScreen Plus) in 2011 and 2012, respectively [41, 42]. In 2016, RETScreen Expert 
was released to the public [43]. 
In collaboration with international partners, the Government of Canada has developed the 
program with 36 languages and is used by more than 600,000 people around the world 
[44]. RETScreen is used in more than 1100 universities and colleges as a research and 
teaching tool worldwide and often cited in academic literature. The Canadian government 
awarded the Public Service Award of Excellence to the RETScreen International in 2010 
[44]. In addition, RETScreen and have been nominated for and received numerous other 
prestigious awards including the Ernst & Young/Euromoney Global Renewable Energy 
Award, Energy Globe (National Award for Canada), and the GTEC Distinction Award 
Medal [41]. Table 9 demonstrates that RETScreen that has been widely used to implement 
different clean energy projects. 
RETScreen Versions Year  
RETScreen Version 1 1998 
RETScreen Version 4 2007 
RETScreen Plus 2011 
RETScreen Suite (RETScreen 4 and RETScreen Plus) 2012 





Table 9 Implementing the RETScreen in clean energy projects 
- Manufacturing facilities of 3M Canada [45] 
- Analysing potential new projects from Irish wind industry (i.e., Templederry 
Wind Project, Eco Village Biomass District Heating) [46] 
- Monitoring  the performance of hundreds of schools in Ontario [47] 
- Screening  the Power Smart™ Bioenergy Optimization Program conducted by 
Manitoba Hydro's combined heat & power [37, 48]  
- Managing energy on university campuses [49] 
- Evaluating a multi-year of photovoltaic performance in Toronto, Canada[50, 
51] 
- Analysing  solar air heating at U.S. Air Force installations [52] 
- Retrofiting in various Ontario municipalities [53]  
 
The RETScreen is the leading tool specifically aimed to facilitate pre-feasibility and 
feasibility analysis of clean energy technologies. The core of the tool contains of 
comprehensive and standardized software for project analysis from global use to assess 
the production of energy, life-cycle costs and reduce greenhouse gas emissions for 
numerous types of energy technologies that are energy efficient and renewable [54]. All 
this helps to reduce the time and costs to evaluate the feasibility of a clean energy project 
[55]. 
The RETScreen Software integrates a series of databases to assist overcome costs and 
difficulties associated with meteorological data collection, product performance data, etc. 
Thus, global meteorological data were integrated into RETScreen directly. The 
meteorological database includes both terrestrial meteorological data and meteorological 
data sets derived from NASA satellites [54]. The RETScreen Software can be used 
worldwide to assess commercial, institutional, industrial facilities, communities, 
residential and utility. Some models of the RETScreen clean energy technology are as 
follows [55]: 
– Wind Energy Project Model  




– Photovoltaic Project Model  
– Biomass Heating Project Model  
– Solar Air Heating Project Model  
– Solar Water Heating Project Model  
– Passive Solar Heating Project Model  
– Ground-Source Heat Pump Project Model  
– Combined Heat & Power (CHP) Project Model 
The hydroelectric model of RETScreen can be used any project in the world but the 
hydrological data availability only from Canada. However, data can be entered from 
another source. The software has been used to study variety of different, renewable 
energies on a wide scale. These include small hydropower, wind and small wind projects, 
combined heat and power facilities, solar water heaters, photovoltaic power, hybrid 
systems.  
Table 10 shows RETScreen small hydro project classification. The hydro projects can be 
classified according to a number of criteria including the rated power output of the project 
to flow through the project and the diameter of the runner that is the spinning wheel within 
the turbine.  
 
Table 10 RETSceen’s project classification [56] 







Small 1 to 50 MW > 12.8 m
3
/s > 0.8 m 
Mini 100 to 1,000 kW 0.4 to 12.8 m
3
/s 0.3 to 0.8 m 
Micro < 100 kW < 0.4 m3/s < 0.3 m 
 
RETScreen and Excel software package allows users to develop energy efficient project 
models and generate a five-step analysis report. Figure 1 shows the RETScreen model 
flow chart in the five-step standard analysis which includes the Energy Model, the 
Greenhouse Gas Emission Reduction Analysis Model, the Financial Analysis model, and 





STEP 1  Energy Model:  Specify the user parameters which describe the energy project 
layout and the system type that can used in   the base state, the proposed status technology, 
loads, and the resource of renewable energy (for RETs). On the other hand, RETScreen 
Software used to calculate the production of energy annually and the plan power capacity 
[54].  
 
STEP 2 - Cost Analysis: The software helps the user to estimate the cost of the proposed 
system by introducing the initial, annual and periodic costs, either for pre-feasibility or a 
feasibility study. For "Pre- feasibility analysis", the less detailed and less accurate 
information is usually required, whereas in the "feasibility analysis", the most detailed 
and accurate information is usually required. Because operations for this step are simple 
and easy to simplify (add and multiply)[54]. 
 
Step 3 - Greenhouse gas (GHG) analysis: This worksheet assists in determining the 
annual reduction in GHG emissions resulting from the use of the proposed technology 
rather than the underlying case technology. The RETScreen automatically evaluates 
whether a project can be considered as a medium Clean Development Mechanism (CDM) 
project to benefit from simplified baseline methods and other rules and procedures for 
medium-scale CDM projects [54]. 
 
STEP 4 - Financial Summary: Allows the user to enter financial data related to financial 
analysis, including production revenue, inflation, discount rate, greenhouse gas reduction 
value, incentives, debt and taxes. Of these parameters, costs and the price of electricity 
RETScreen calculates financial indicators (e.g. net present value, etc.) to feasibility 
evaluation of the project [54].  
 
STEP 5 - Sensitivity & Risk Analysis: This optional worksheet helps the user evaluate  









RETScreen software allow the user to enter the data into shaded worksheet cells. The 
other cells are protected cannot enter the data to prevent any mistake can happened from 
user that cause to delete any formula or reference cell. Table 11 illustrates the colour 
coding cell of RETScreen for input and output cells [57]. 
 
Table 11 The RETScreen Cell Colour Coding [57] 
Input and Output Cells 
White Model output - calculated by the model. 
Yellow User input - required to run the model. 
Blue User input - required to run the model and online databases available. 




The location and facility pages in RETScreen the location page has three elements. At the 
top there is information about where the project is located below that there are tables of 
climate data for that location and at the bottom there is a graph showing how climate data 
vary over the course of the year. The very top line gives the name of the climate data 
location as well as the name of the place where the project is located.  
That climate location and facility location text may be overwritten by RETScreen if the 
user adjust the location of the project. On the map at the top of the page can see an image 
giving the location of the project indicated by a thumbtack with a building on it and the 
location from which climate data is taken shown by a thumbtack with a globe on it. The 
user can adjust the position of these thumbtacks even after launching the project with the 
virtual energy analyser, initiate this by clicking on the select climate data location on the 
menu or the globe icon beside the climate data location.  a map with the two thumbtacks 
appears the map also shows all the nearby locations where climate data is available sites 
in red have ground station measurements sites in blue have measurements exclusively 
derived from satellite instruments the user can zoom and move the project thumbtack as 
the user do so RETScreen repositions the climate data thumbtack to the nearest site for 




displayed in the table at right if the user not obliged to use the climate data location chosen 
by RETScreen so can manually drag the climate data location thumbtack to a different 
red or blue dot. Alternatively, the user can double-click on the station wanted in the list 
at right. Figure 11 and 12 show the RETScreen location and facility worksheets (general 

























STEP 1- Energy Model 
Energy Model worksheet 
 
 
Figure 13 The RETScreen energy model 
 
Figure 13 illustrates the "Energy Model" worksheet. In this worksheet, there are two 
types of analyses called "Level 1 and Level 2" that allow the user to choose by clicking 
on the appropriate type. For simplified analysis will be made based on the power capacity 
of the hydro turbine(s) and capacity factor "Level 1" is the right option. If more detailed 
analysis is performed based on hydrological data and hydro turbine equipment data, then 
select "Level 2". For Wadi Dayqah Dam project, "Level 2" is selected. 
Gross head refers to the change in elevation between the surface of the water at the 
project inlet called the headwater and the surface of the tail water, the tail water is where 
water exits the project it is called gross because head is a measure of pressure and the 
gross head does not account for hydraulic losses such as friction in the pipe that reduce 
the pressure usable by the turbines to generate power. The gross head of the Wadi Dayqah 
Dam is 50 meters which was provided by the Ministry of Regional Municipalities and 
Water Resources in Oman. 




of the intake that lead to a decrease in the gross head. Thus, there is less power and energy 
available, during these periods.  For low-head, the tailwater effect can be significant. For 
Wadi Dayqah Dam, maximum tailwater effect is 2 meters. 
Residual flow is the flow duration curve will dictate the flow in the water course for 
environmental reasons the project may need to leave some flow in the water course at all 
times this is the residual flow, for this site set it to 3 cubic meters per second for this 
project this is the minimum flow that occurs in the water course right now and just under 
15 percent of the mean flow. Percent time firm flow available  
The curve data source of "Turbine efficiency" can be manually selected from the options 
available in the drop-down menu: "Standard" and "User Defined". When the 
manufacturer's efficiency data is known, a "user-defined" must be specified. In the 
following, data can be entered in the appropriate turbine efficiency column. Except for 
"other", type of turbine selected, the model calculates the efficiency curve, by selecting 
"standard" and therefore, the user will directly enter turbine efficiency data. For the 
Francis Turbine in Wadi Dayqah Dam, the standard efficiency curves are used without 
modification in RETScreen. Figure shows the combined efficiency of the turbine curve 
generated by RETScreen. 
 
Design coefficient is a dimensionless factor used in formulas to calculate the estimated 
maximum efficiency of turbines. Typically, the efficiency of the turbine increases, the 
more sophisticated the turbine / designer becomes. Typical values range from 2.8 to 6.1 
and the default value can be used 4.5. In this study, the default value is used, as no 







Figure 14 Flow duration and turbine efficiency curve data 
 
Figure 14 shows the data of flow-duration and the efficiency of the turbines. The flow-
duration curve data is entered manually in Flow (m3/s) column based on the percentage 
of time the flow is equalized or exceeded. The turbine efficiency column shows the 
efficiency of a single turbine for flow division range between 0 and 100 percent of that 
single turbines. The number of turbines column shows how many turbines are operating 
for flow division range between 0 and 100 percent of the project's design flow rate. The 
combined efficiency column shows the efficiency of the combination of turbines for flow 
division range between 0 and 100 percent of the projects design flow rate. 
 
The percentages in the first column are interpreted in three distinct ways depending on 
the column in the table for the flow rate column it is the percentage of the year that the 
flow rate is exceeded for the turbine efficiency column it is the percentage of the design 
flow rate for a single turbine for the number of turbines and the combined efficiency 




















Figure 15 shows the turbine efficiency that the RETScreen has proposed as can see the 
peak efficiency of the turbines is about 88.5% this occurs at around 82 % of the turbine 
flow rate. For the project as a whole this occurs at 0.24 m3/s at flows above this the 
efficiency declines reaching 84.5% at full flow. 
 





Figure 16 Losses and summary of energy model 
 
 
Figure 16 shows a section where losses beyond those reflected in the efficiency curve can 
be specified. RETScreens help is useful both for understanding what these losses refer to 
and for picking reasonable estimates for these losses. 
 
The maximum hydraulic losses refer to how the water passages resist the flow water 
and therefore reduce the power that the turbines can produce. The appropriate value for 
most hydro plant is 5%.  A value of 2% is appropriate for short water passages plants.  
The value is increase to 7% for hydro plan of low-head with long water passages.  The 
water passage of Wadi Dayqah Dam is 3 km long so will enter 6% maximum hydraulic 
losses.  
 
Miscellaneous losses include transformer losses and parasitic electricity losses. A 
transformer is required to match the voltage of the generator with the distribution system. 
Typically, transformer losses are minor and most hydro projects select a value of 1% as 
transformer losses estimation. 
The energy that hydro plant generated partially is used for auxiliary equipment (for 
example, shut-off valves, protection and control systems, by-pass gates etc.) heating, 
lighting, etc.  As the range of parasitic electricity losses from 1 to 3% and most of hydro 
plant appropriate of 2% value. Therefore, miscellaneous losses of Wadi Dayqah Dam 





Generator efficiency ranges from 93 to 97%. In most hydro plants, the availability of a 
gearbox or increase in speed between the turbine and the generator is required to match 
the ideal rotational speed. The gearbox also allows high-speed and low-cost generators 
but reduces to 98% of system efficiency as a whole. The efficiency of most generators 
used in hydro systems represents 95% value. This value should be reduced to 93% for 
systems requiring a gearbox (based on information provided by the turbine manufacturer). 
Therefore, generator efficiency of Wadi Dayqah Dam enter is 96%. 
 
The user can be enter hydro plant availability. Downtime losses are due to scheduled 
maintenance, turbine failures, station and utility outage. 96% is appropriate value for most 
hydro plants and represents about 15 days of downtime. For hydro systems in snowy 
regions are anticipated to increase maintenance requirements due to ice problems, should 
be anticipated less availability and a lower value, should be used a value of 94%.  As for 
Wadi Dayqah Dam located non-snow region so will use a value of 95%. 
 
The summary section gives useful information, it shows that the capacity of the project is 
110 kW, the capacity factor RETScreen calculates that it will be 84.8%. The project will 













STEP 2 - Cost Analysis 
Cost Analysis 
 






After completing the energy model worksheet and as part of Clean Energy Management 
of RETScreen Software, the worksheet of Cost Analysis is used to help the user to 
estimate the cost and credits associated with the proposed case (Figure 18). 
In this worksheet the user can select the analysis type by clicking on the appropriate 
option button. Where usually required less detailed and lower accuracy information, 
likely to be use a "Pre-feasibility analysis" Level 1. Where usually required more detailed 
and higher accuracy information, likely to be use a "Feasibility analysis" Level 2. When 
starting the development and engineering phases, Level 3 is usually used where more 
detailed and accurate information is required (Figure 18). 
RETScreen provides in level 3 a tool called the hydro formula costing method to help 
estimate the project costs. This tool can open from the menu, it contains a list of cells 
where can user specify key site characteristics.  Based on these characteristics the tool 
estimates costs for the feasibility study development, engineering, turbine, transmission 
line, substation and balance of system (Figure 18). The first characteristic to be specified 
is the country in this project the country is Oman. The cost analysis data particularly 
coast ratios (i.e., Omani vs Canadian equipment coat ratio, fuel cost ratio, labour cost 
ratio, equipment manufacture cost coefficient, exchange ratio) were provided through 
consultation with project management team (public authority electricity & water in Oman 
and the current project supervisor (Figure 18). 
Next must specify whether or not this is a cold climate site, cold climates often increase 
costs help clarifies that the climate can be considered cold if there are 180 or more days 
per year with frost or temperatures below freezing. Sometimes the answer will be obvious 
for example if my project is in the tropics or anywhere that can be easily judged to be 
warmer than Southern Canada, can most likely specify no for cold climate. Oman where 
the project located the climate average temperature between 21°C and 35°C so will 
specify no cold (Figure 18) [58].   




page. The design flow of our project is 0.3 m3/s. The gross head is 50 m. There are one 
Francis turbine using these inputs RETScreen proposes that this project be classified as a 
mini facility type as opposed to a mini or micro project. RETScreens help explains how 
it makes this determination based on the runner diameter and the flow rate in general one 
should select the same type as RETScreen proposes. But there are some exceptional 
situations listed in the help where one might override the RETScreen suggestion let's, as 
the dam already existed so will select "Yes" in existing dam and enter 0 meter in New 
dam crest length and select "Yes" there is a rock available at the site (Figure 18). 
For the maximum hydraulic losses carry over 4% from the energy worksheet. The 
miscellaneous losses in the energy page refer to parasitic electrical consumption 
transformer losses and the like in the formula costing page.  The miscellaneous losses are 
hydraulic losses not occurring in the tunnel canal or penstock will enter 2% here the 
miscellaneous losses plus any losses in the tunnel canal and penstock must not exceed the 
maximum hydraulic losses (Figure 18). 
In this worksheet the user can select the analysis type by clicking on the appropriate 
option button. Where usually required less detailed and lower accuracy information, 
likely to be use a "Pre-feasibility analysis" Level 1. Where usually required more detailed 
and higher accuracy information, likely to be use a "Feasibility analysis" Level 2. When 
starting the development and engineering phases, Level 3 is usually used where more 
detailed and accurate information is required (Figure 18). 
RETScreen provides in level 3 a tool called the hydro formula costing method to help 
estimate the project costs. This tool can open from the menu, it contains a list of cells 
where can user specify key site characteristics.  Based on these characteristics the tool 
estimates costs for the feasibility study development, engineering, turbine, transmission 
line, substation and balance of system (Figure 18). The first characteristic to be specified 
is the country in this project the country is Oman. The cost analysis data particularly 
coast ratios (i.e., Omani vs Canadian equipment coat ratio, fuel cost ratio, labour cost 
ratio, equipment manufacture cost coefficient, exchange ratio) were provided through 
consultation with project management team (public authority electricity & water in Oman 
and the current project supervisor (Figure 18). 




costs help clarifies that the climate can be considered cold if there are 180 or more days 
per year with frost or temperatures below freezing. Sometimes the answer will be obvious 
for example if my project is in the tropics or anywhere that can be easily judged to be 
warmer than Southern Canada, can most likely specify no for cold climate. Oman where 
the project located the climate average temperature between 21°C and 35°C so will 
specify no cold (Figure 18) [58].   
For the next parameters the user can simply copy over the values that entered in the energy 
page. The design flow of our project is 0.3 m3/s. The gross head is 50 m. There are one 
Francis turbine using these inputs RETScreen proposes that this project be classified as a 
mini facility type as opposed to a mini or micro project. RETScreens help explains how 
it makes this determination based on the runner diameter and the flow rate in general one 
should select the same type as RETScreen proposes. But there are some exceptional 
situations listed in the help where one might override the RETScreen suggestion let's, as 
the dam already existed so will select "Yes" in existing dam and enter 0 meter in New 
dam crest length and select "Yes" there is a rock available at the site (Figure 18). 
For the maximum hydraulic losses carry over 4% from the energy worksheet. The 
miscellaneous losses in the energy page refer to parasitic electrical consumption 
transformer losses and the like in the formula costing page.  The miscellaneous losses are 
hydraulic losses not occurring in the tunnel canal or penstock will enter 2% here the 
miscellaneous losses plus any losses in the tunnel canal and penstock must not exceed the 





Step 3 - Greenhouse gas (GHG) analysis 
Emission analysis  
The emission page calculates the reductions in greenhouse gas emissions 
resulting from doing the proposed project. Also, calculates any revenues that 
might arise from this. The reductions are determined by calculating the emissions 
in the base case and the emissions in the proposed case and subtracting the two. 
RETScreen considers GHG emissions during operations only and is not to be 
confused with a lifecycle analysis. That is the GHG emissions will not include 
manufacturer, resource extraction, construction or other associated activities. 
The emissions from the proposed case are for the most part obvious, for a hydro 
plant there are no emissions during operations similarly for a photovoltaic system 
or a wind farm ignoring any methane emitted by a reservoir for the reciprocating 
engine I looked at in the energy page. On the other hand emissions would arise 
from combusting fuels like natural gas but what is the base case for a grid 
connected clean energy project. The alternative to doing the proposed project is 
to simply continue using the same sources of generation on the grid so the 
emissions for the base case which are called the baseline are what the grid would 
emit to supply the electric output of the project were the project not built. The 
RETScreen has three levels of analysis for the emission page selected by the 
buttons at the left of the menu. They differ in how the baseline is specified. The 
parameters entered into one level are completely independent of those in the 
other levels on the emission page or any level settings on other pages only the 
currently selected level impacts the analysis. In level 1 the average emission 
factor for grid generation in the country is used as the baseline the emission factor 
is in units of tonnes of carbon dioxide equivalent emitted per megawatt hour 
(tCO2/MWh) of electricity Generated. The RETScreen has a database of the grid 
emission factors reported by almost all countries in the world in our analysis this 
has been set to Oman. Oman's the emission factor is 0.741 tCO2/MWh. The 
RETScreen defaults to showing the average emission factor for all sources of 
generation on the grid (Figure 19).  
 Electricity is lost in the transmission and distribution system that varies 




for the proposed project for a fair comparison we need to find the emission factor 
per unit of electricity delivered. To find this the user specifies the percentage of 
generation that is lost in the T&D system for the baseline and for the proposed 
case. 7% is a good starting point for a well-designed as advised by the project’s 
supervisor. The RETScreen then assumes that in each case the T&D losses need 
to be compensated for by additional grid generation. This raises the emission 









STEP 4 - Financial Summary: 
Financial analysis 
In Financial analysis page, there are two levels of analysis possible. The level is selected 
at the left of the menu bar the parameters entered in a level 1 analysis have no impact on 
the level 2 analysis and vice-versa since a level 1 analysis is a simplified version of a level 
2 analysis. In this project will use the level 2 analysis to cover all the features available 
and point out significant differences from level 1 particularly those relevant to power 
projects. The left-hand part of the page contains two panes financial parameters and 
annual revenue which primarily serve to permit the analyst to provide finance related 
inputs. The center of the page contains two panes. Cost Savings Revenues provides a 
summary of the cost page any electricity export revenues from the energy page and 
emissions reductions revenues from the emission page. The financial viability pane 
displays the key metrics of financial viability such as those related to profitability and 
quickness of return. The right-hand part of the page are the numerical values for yearly 
cash flows (Figure 20) 
 





STEP 5 - Sensitivity & Risk Analysis 
Risk analysis  
Figure 21 shows how much variation in the energy production cost is caused by variation 
in each parameter. The electricity exported to the grid and the initial costs and operating 
and maintenance (O&M) strongly influence the project outcomes.  
Indeed they have the biggest impacts of all these variables their impacts are opposite in 
sign however an increase in the initial costs and operating and maintenance (O&M) 
increases the energy production costs whereas an increase in the electricity exported to 
the grid decreases the energy production cost (Figure 21). 
The top section of the risk page is for sensitivity analysis. Two main parameters are 
chosen then the RETScreen generates a table showing how simultaneous variation in 












Chapter 3       Results of case one (110 kW and flow 
rate 0.3 m3/s) 
 
The location of the of the project is in Wadi Dayqah dam  in the Wilayat of 
Quriyat  approximately 90 km away from the southeast of Muscat the capital of Oman.  
Figure 22 shows the location of the project and climate data on the map. Table 12 shows 
parameters that do not change over the course of the year for example 23.1 latitude and 
58.8 longitude of the project location and 23.6 latitude and 58.3 longitude of the climate 
























Oman - Seeb Intl/Muscat Oman - Muscat - Qurayyat 
Latitude ˚N 23.6 23.1 
Longitude ˚E 58.3 58.8 
Climate zone  Extremely hot - Dry Extremely hot - Dry 












Table 13 The climate data of the project location 
 
Table 13 shows parameters that the climate change, in the left of the table shows monthly 
average values as well as the annual average are given for parameters like air temperature 
and daily solar radiation on the horizontal.  
 
Greenhouse Gases Emission 



























The RETScreen calculates the difference in emissions between this hydro project 
(proposed project) and the base case. This project will reduce 605.3 tons of greenhouse 
gas emission per year which is equivalent to 110.9 cars and light trucks not used or equal 
















605.3 tCO₂ is equivalent to 1,407.8 Barrels of crude oil not consumed 
 
GHG emission 
Base case 650.9 tCO₂ 
Proposed case 45.6 tCO₂ 
Gross annual GHG emission reduction 605.3 tCO₂ 
 





Table 14 Financial parameters and annual revenue 
 
 
Table 14 shows that this project provides power for 50 years. Inflation rate of Oman is 
3.4%. The financial parameters of the project, the inflation rate is 3.4% and the electricity 
export escalation rate is 2%. So there's for future electricity purchase or sales we have a 
2% escalation rate per year for operation and maintenance costs we are escalating those 
at 2% per year. The life of the project 50 years with a 50% loan of the initial cost, with 
interest rate of 5% and a debt term of 8 years. So, 169000 AUD is coming from a loan 
and 169000 AUD comes from the investors or the equity portion. So this project has to 
stump up 169,000 AUD 50%. The loan has to be paid back with interest reasonable rate 
5% on a debt term of 8 years so going to have essentially paying back that 169,000 AUD 
over 8 years but we also have to pay an additional 5% interest.  
 
  
General   
Inflation rate % 3.4% 
Discount rate % 10% 
Reinvestment rate % 9% 







Debt AUD 169,000 
Equity AUD 169,000 
Debt interest rate % 5% 
Debt term yr 8 
Debt payments AUD/yr 26,148 
Electricity export revenue 
Electricity exported to grid MWh 817 
Electricity export rate AUD/kWh 0.07 
Electricity export revenue AUD 57,165 




Costs | Savings | Revenue 
Table 15 Costs | Savings | Revenue 
Initial costs 
   
Feasibility study 3% AUD 10,000 
Development 3.8% AUD 13,000 
Engineering 2.4% AUD 8,000 
Power system 56.5% AUD 191,000 
Balance of system & miscellaneous 34.3% AUD 116,000 
Total initial costs 100% AUD 338,000 




O&M AUD 14,850 
Debt payments - 8 yrs AUD 26,148 
Total annual costs AUD 40,998 
 Annual savings and revenue 





Total annual savings and revenue AUD 57,165 
 
According to the cost analysis the total initial costs of the project is 338,000 AUD. The 
annual costs and debt payments for 8 years’ time period was 40,998 AUD which included 
the operation and maintenance (savings). The annual electricity export revenue was 


























Table 16 Financial viability 
Pre-tax IRR - equity % 16.8% 
Pre-tax MIRR - equity % 10.9% 
Pre-tax IRR - assets % 10.3% 
Pre-tax MIRR - assets % 9.4% 
Simple payback yr 8 
Equity payback yr 8.3 
Net Present Value (NPV) AUD 181,546 
Annual life cycle savings AUD/yr 18,311 
Benefit-Cost (B-C) ratio 
 
2.1 
Debt service coverage  1.6 
GHG reduction cost AUD/tCO₂ -30.2 
Energy production cost AUD/kWh 0.066 
 
The viability of the project can be assessed using the project life and the project cost. . As 
indicated in the Table 16, simple payback and equity payback were estimated 8 and 8.3 
years, respectively. Net Present Value is 181,546 AUD and Benefit-Cost ratio is 2.1. 
 
Cash flow 
Figure 26 shows the cash flows of the project, so there's an initial outlay the first year 
spend money to implement the project and then there's a series of positive cash flows 
associated with the project from 2-8 year and then after 9 year the loan is paid off and 






Figure 25 The cash flows for the projects 
 
Figure 27 shows the cumulative cash flows versus time.  As can see that the first 8 years 
of the project life cumulative cash flow is negative, then turn to positive after year 8 that 
mean start getting profit from the project.  
 






Chapter 4      Results of case two (5 kW and flow 
rate 13 m3/s) 
 
Greenhouse Gases Emission 
RETScreen calculates the difference in emissions between this hydro project which is 
referred to here as the proposed case and the grid or the base case this were to around 
19,090.1 tCO2 equivalent annually. Since the comparison the hydropower with a largely 
hydropower grid the difference is small (Figure 28).  
This project has emissions savings of 19,090.1 tons of greenhouse gas per year which is 
equivalent to 3,496.4 cars and light trucks not used or equal to 44,395.6 barrels of oil in 







































Figure 28 GHG equivalence 
 
Base case 20,527 tCO₂ 
Proposed case 1,436.9 tCO₂ 







Table 17 Financial parameters and annual revenue  
General   
Inflation rate % 3.4% 
Discount rate % 10% 
Reinvestment rate % 9% 







Debt AUD 3,102,000 
Equity AUD 3,102,000 
Debt interest rate % 5% 
Debt term yr 8 
Debt payments AUD/yr 479,947 
Electricity export revenue 
Electricity exported to grid MWh 25,754 
Electricity export rate AUD/kWh 0.07 
Electricity export revenue AUD 1,802,747 
Electricity export escalation rate % 2% 
 
Table 18 the project provide power for 50 years. Inflation rate of Oman is 3.4%,  
The financial parameters of the project, the inflation rate is 3.4% and the electricity export 
escalation rate is 2%. So there's for future electricity purchase or sales we have a 2% 
escalation rate per year for operation and maintenance costs we are escalating those at 2% 
per year. The life of the project 50 years with a 50% loan of the initial cost, with interest 
rate of 5% and a debt term of 8 years. So, 169000 AUD is coming from a loan and 
3,102,000 AUD comes from the investors or the equity portion. So this project has to 
stump up 169000 AUD 50%. The loan has to be paid back with interest reasonable rate 
5% on a debt term of 8 years so going to have essentially paying back that 3,102,000 





Costs | Savings | Revenue 
Table 18 Costs | Savings | Revenue 
Initial costs 
   
Feasibility study 3.1% AUD 192,000 
Development 3.7% AUD 231,000 
Engineering 6.1% AUD 378,000 
Power system 50.4% AUD 3,128,000 
Balance of system & miscellaneous 36.7% AUD 2,275,000 
Total initial costs 100% AUD 6,204,000 




O&M AUD 449,836 
Debt payments - 8 yrs AUD 479,947 
Total annual costs AUD 929,783 
  Annual savings and revenue 





Total annual savings and revenue AUD 1,802,747 
 
According to the cost analysis the total initial costs of the project is 6,204,000 AUD. The 
annual costs and debt payments for 8 years’ time period was 929,783 AUD which 
included the operation and maintenance (savings). The annual electricity export revenue 

























Table 19 Financial viability 
Pre-tax IRR - equity % 32.6% 
Pre-tax MIRR - equity % 12.5% 
Pre-tax IRR - assets % 18.3% 
Pre-tax MIRR - assets % 10.9% 
Simple payback yr 4.6 
Equity payback yr 3.4 
Net Present Value (NPV) AUD 10,067,560 
Annual life cycle savings AUD/yr 1,015,406 
Benefit-Cost (B-C) ratio 
 
4.2 
Debt service coverage  2.9 
GHG reduction cost AUD/tCO₂ -53.2 
Energy production cost AUD/kWh 0.049 
 
The viability of the project can be assessed using the project life and the project cost. . As 
indicated in the Table 16, simple payback and equity payback were estimated 4.6  and 3.4 
years, respectively. Net Present Value is 10,067AUD and Benefit-Cost ratio is 4.2. 
Cash flow 
Figure 30 shows the cash flows of the project, so there's an initial outlay the first year 
spend money to implement the project and then there's a series of positive cash flows 
associated with the project from 2-8 year and then after 9 year the loan is paid off and the 






Figure 29 The cash flows for the projects 
 
Figure shows 31 the cumulative cash flows versus time.  As can see that the first 8 years 
of the project life cumulative cash flow is negative, then turn to positive after year 8 that 
mean start getting profit from the project. 
 
 






Chapter 5       Discussion 
 
Table 22 illustrates the main findings of this project which was investigated the feasibility 
of hydropower (using the RETScreen expert software) in the Wadi Dayqah dam in Oman. 
In this project, two cases were examined, and relevant data with respect to this project 
was provided by the Ministry of Regional Municipalities and Water Resources in Oman 
The two cases of this project were110 kW and 5 MW grid-connection micro hydropower 
plant generated annual energy of 817 MWh and initial costs is 338,000 AUD and small 
hydropower plant generated annual energy of 25,754 MWh, and initial costs are 
6,204,000 AUD (Table 22). 
  
Table 20 Comparison of Case 1 and Case 2 
Conventional hydropower potential 
 Case 1 Case 2 
Gross head 50 m 50 m 
Design flow  0.3 m3/s 13 m3/s 
Power capacity  110 kW 5 MW 
Generated energy (MWh /Y) 817 25,754  
 Initial costs 338,000 AUD 6,204,000 AUD 
annual savings and revenue 57,165 AUD 1,802,747 AUD 
Conventional hydropower economic indices 
Electricity production  (MWh) 817  25,754 
Pre-tax IRR – equity  16.8% 32.6% 
Pre-tax IRR - assets 10.3% 18.3% 
Simply payback Eight years 4.6 years 
Equity payback 8.3 years 3.4 years 
Net Present Value (NPV) (AUD) 181,546  10,067,560  
 
Benefits-Cost(B-C) ratio 2.1 4.2 
GHG emission reduction summary 
Base case GHG emission (tCO2) 
 
650.9  20,527  
 Proposed case GHG emission (T&D losses) (tCO2) 
 
45.6  1,436.9  







Net annual GHG emission 
reduction is equivalent 
























Base on the average of electricity tariff of Oman is 0.07 AUD/ kWh [59], the project total 
annual saving and revenue is equal to 57,465 AUD of 110 kW installed capacity (Case 1) 
while the total annual saving and revenue is equal to 1,802,747 AUD of 5 MW installed 
capacity (Case 2). Energy production cost by using fossil fuels is 0.32 AUD/ kWh while 
by using hydropower 0.066 AUD/ kWh and 0.049 AUD/ kWh for 110 kW and 5 Installed 
capacity is saving 207,515AUD and 6,979334 AUD respectably.  
Case1, simply payback eight years, equity payback 8.3 years, Net Present Value 181,546 
AUD and Benefit-Cost ratio 2.1. Case2, simply payback 4.6 years, equity payback 3.4 
years, Net Present Value 10,067,560 AUD and Benefit-Cost ratio 4.2. 
The results of the GHG emission analysis of Case 1 show in above Table 22 more than 
650.9 tCO2 could be avoided annually if electricity from hydropower resources is 
exploited. However, if we internalise the losses due to transmission and distribution, 7% 
as Oman is a developed country, approximately 45.6 tCO2 are produced. Therefore, 
emission analysis of the proposed hydropower project reveals that approximately 605.3 
tCO2 per year can be avoided which approximately 93 %. This GHG emission reduction 
is equivalent to CO2 emissions from 1,407.8 barrels of oil, or 110.9 cars and light, or 
trucks, or 55.7 hectares of forest absorbing carbon. 
The results of the GHG emission analysis Case 2 are show in above Table more than 
20,527 tCO2 could be avoided annually if electricity from hydropower resources is 
exploited. However, if we internalise the losses due to transmission and distribution 7% 
as Oman is a developed country, approximately 1,436.9 tCO2 are produced. Therefore, 
emission analysis of the proposed hydropower project reveals that approximately 
19,090.1 tCO2 per year can be avoided which approximately 93 %. This GHG emission 
reduction is equivalent to CO2 emissions from 44,395.6 barrels of oil, or 3,496.4 cars and 
light, or trucks, or 1755.8 hectares of forest absorbing carbon. 
The results of this project for the two cases indicate that the use of the hydropower system 
in Oman is viable in terms of technical aspects and also interesting from the economic 
and environmental point of view. The project has significant economic objectives and 
dimensions in the production of electricity, which will contribute to reducing the use of 





Chapter 6 Conclusion and future work 
Summary  
This project aimed to investigated the feasibility of hydropower (using the RETScreen 
expert software) which can be installed in Wadi Dayqah dam in Oman. The objectives 
were to explore the potential power to be harvested by hydropower, to assess financial 
saving and cost analysis and to investigate the environmental impact of hydropower in 
Oman.  Two cases have been analyzed (Table 23). The case1, design flow is 0.3 m3/s, 
installed capacity is 110 kW, estimated cost 338,000 AUD, annual savings and revenue 
57,165 AUD and Gross Annual GHG reduction 605 tCO2/Y.  The Case2 design flow is 
13 m3/s, installed capacity is 5 MW, estimated cost, 6,979,334 AUD, annual savings and 
revenue 1,802,747 AUD and Gross Annual GHG reduction 19,090 tCO2/Y (Table 23). 
 
 
Table 21 Summary of the two cases 
Case 1 2 
Gross head (m) 50 50 
Design flow (m3/s) 0.3 13 
Installed capacity  110 kW 5 MW 
Generated Energy (MWh/Y) 817 25,754 
Estimated Total Cost (AUD) 338,000 6,979334 
Annual savings and revenue (AUD) 57,165 1,802,747 
Gross Annual GHG reduction 
(tCO2/Y) 
605 19,090 
Energy production cost (AUD/ kWh) 0.066 0.049 
Electricity export rate (AUD/ kWh) 0.07 0.07 
 
 
Energy production cost by using fossil fuels is 0.32 AUD/ kWh [60] while for the two 
cases 110 kW and 5 MW installed capacity are saving 0.066 AUD/ kWh and 0.049 AUD/ 
kWh respectably.  The findings of this project show the use of the hydropower system in 
Oman is viable regarding technical aspects and will have positive impacts on economic 
and environment.  




in Oman such as hydropower plant. The findings of this project showed that the cost of 
operation would be lower compared to the power plants which operate with fossil fuel. 
This will lead to the provision of oil derivatives for sale or use in the production of other 
goods, which relieves the burden of the state budget, in addition to reducing government 
support (subsidy), which reached very high levels estimated at hundreds of millions of 
Dollars per year. 
Future work would include 
1) In case 2 (5 MW installed capacity), we can do further study by building a lower 
reservoir. So, during periods of low demand for electricity, turbine which works with 
solar power, pumps the water from the lower reservoir to the dam. During the periods 
of high demand for electricity, electricity will be produced by releasing the water from 
the dam through the turbine same as the conventional plant of hydropower. 
 
Figure 31 Pumped-storage hydropower with solar power system [61, 62] 
2) The hydropower plant is generating electricity by using the water at the Wadi Dayqah 
Dam, which can store storage capacity of 100 million m3, another reservoir that will 
be built on the mountain as an upper reservoir. During periods of low demand for 
electricity, turbine which works with solar power, pumps the water from the dam to 
the upper reservoir. During periods of high demand for electricity, produce electricity 
by releasing the water from the upper reservoir through the turbine same as the 




3) Floating the solar panels, Sultanate of Oman is one of the highest countries in the 
world to receive the enormous amount of solar radiation over the year, and this high 
solar density is available in all regions [60]. Thus, in rural areas such as Wadi Dayqah, 
studies have shown that 250 to 300 kW of solar panels in the Sultanate are equivalent 
to the efficiency of (1000) kW in Europe, which encourages the generation of energy 
using solar energy in a cost-effective manner [60]. If an upper pond is built on the 
mountain for the power station, its area can be used as a floating solar farm. The upper 
pool of the pumped power plant can be a viable option [60]. This pond can be 
implemented at the height of the mountains surrounding the reservoir, and its 
dimensions can be designed so that the pool area varies to the depth of the pool at the 
minimum. In this case, the effect of water level fluctuations on the pond area will be 
reduced to a minimum and the area available for covering the panels will be increased, 
i.e. up to 80-90% of the total area of the basin. This will significantly reduce 
evaporation from the upper pond. 
 
Figure 32 Floating solar farm[63] 
4) The water wind turbine can create drinkable water only by using air. The condensed 
water from the air and pump it into storage tanks for filtration and purification. The 
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